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Field Data Collection

210 road crossings
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WHY CULVERTS? TG EIEGE e o
characteristics

1) Introduces a necessary, but easy to
understand, discussion of
e land use,
e increased run-off of water,
. vulnerability

2) Culverts can be fleld
@ checked and measured
relatlvely eaS|Iy

3) Culverts have a tangible
dollar value attached to them
that can be used In
replacement and mitigation
cost analyses




DATA Input

Historical

Climatic Data
Precipitation
Evapotranspiration

Precipitation
Scenarios

Global Circulation Models
Down-Scaling

Current
Land Characteristics
Soils,

Water Bodies
Parks /Protected Land

Projected
Land Characteristics

Impervious Surfaces
Green Infrastructure

Historic
Pipe Configuration
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Modeling

Run-off / Peak Flow
Calculations

EPA-SWMM
Calibration

Outputs

/ Projected Precipitation

Amounts

Optimistic - Pessimistic

System Components
Adequacy

Current
Projected

Projected
Pipe Sizing

Impact of
Green Infrastructure

Extent of Mitigation

Projected
Cost Impacts
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Change in precipitation for scenario A2

Large increase [ -
Small increase -{ -075 -050 -025 O 025 050 075
10| No change
—| Small decrease

Large decrease Dec-Jan-Feb
2l Inconsistent sign Jun-Jul-Aug SYR - FIGURE 3-8 a)
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Six gridpoints
proximate to
study areas in NH
were used to
transfer the
expected change
INn precipitation
from the GCM to
Keene and
regional stations

ZCMA and Regional Stafions
+ Feene (targer location)
E:I GCM Stations A
() PRegicnal Stations | 20th’85




Lake Sunapee watershed:

Results of precipitation modeling

Sunapee 25-year, 24-hour premegionalized shape parameter

— _— 25-year precip (in.)
Data
Source SRES Period -95%c.i. I/ﬁ(ozl-h+95%c i.
Historic Baseline  1971-2000 2.70 4.06 |
PROJECED { B1 2046-2075 2.63 4.25
Rainfalls A1b 2046-2075 3.23 4.87
A1fi 2046-2075 4.34 6.65

Most likely potential rainfalls used for
determining culvert vulnerability

Ranged: 4.06 10 6.65Inches




RESULTS




Springfield drainage system vulnerability

For worst culverts, probable frequency of a
| flooding-rainfall

/4 (based on h|stor|c rainfall '71- OO)
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Springfield drainage system vulnerability

) | Forworst culverts, probable frequency
I 0% (4 7”) ﬂ,[ of a flooding-rainfall
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Lake Sunapee watershed:

Chrode_AnaluniWorking W EDOFESLTS_ M

Spatial impact of undersized
culverts

Mid-21st projected 25-yr storm:
35% of culverts undersized

REPLACE [YES, TRANS, aor NO}




Recent conditions

REPLACE [YES, TRANS, or NO)

Drainage system

adequacy

With population growth

And more
extreme rainfall




stream road
Culvert order class
Bear08 1 \%
Bear100 2 \%
Beaul00 1 \%
Ches01 1 \%
HAMEOQO3 1 \%
HAME100 1 \%
Hame04 1 \%
Litt100 1 v
Litt101 1 v
LITT102 1 \%
Litt104 1 private
Long02 1 \%
Oyst01 2 Y,
Oyst101 2 Y
Oyst102 2 \Y;
OYST103 1 \%
Unkn10 1 VI
Unkn21 2 \Y
Unkn22 1 Il
Unkn26 1 I
Unkn29 1 private
Unkn32 1 Il
Unkn34 1 \Y
Unkn4l 1 \Y
Unkn42 1 \Y

Culverts undersized tended to be
higher in the watershed and under
roads that were not major
thoroughfares.




Count of Culverts to be Replaced by Size Class and

Scenario
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Culverts undersized tended to be
in the 12 to 24 inch range




Infrastructure Replacement Time Horizon

Concrete bridge

B Dam
Gas turbine Water treatment plant
Steam electric plant Sewer
Pipelins===tammercial building
| Air c:ondition ouse 3
gas furnace  AspHalt roof
I Ut heat pump I
| I
AN IR R B I R B

2000 2020 2040 2060 2080 2100



Marginal upgrade cost, population
growth & more extreme
Precipitation Marginal Cost

Recent ('71-'00) 67,959
Heavy 100,029
Heavier 185,643

Very Heavy 428,007




Rain Garden in a ncig]’:bor}'noocl setting

20% Undisturbed Cover 8712 Sq. ft.

Notes:
Reten { 19% IC 0% EIC
arage 875Sq.t. waQv=1"
= Rooftop and garage bioretention
tention 1" Event A d impervious surface biorentention

Porous asphalt driveway

Type A B C
CN Predevelopment 38 55 70
CN Conventional 51 68 79
CNLID 43 62 T4

geYyo

Bioretention 1" Event £

'orous asphalt driveway 4500 Sq. fi.

“71 :;IIDIH - o | o
By: By:
. >l 1 Acre Lot
Sheet Number
Pk 10of1 Pproject TORMWATER CENTE




COMPARISON OF
LANDUSE RESULTS

LU: CUR/BLDASS/LIDASS

PRECIP: BASELINE ML
AMC: TYPE II
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was decreased by an 66%.

~|Distributions
¥ [«|CN, Landuse = Current
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Normal(69.1955,12.1387)

¥ Moments
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N
Sum Wat
Sum
Variance
Skewness
Kurtosis
cv
N Missing

69.195522
12.138665
1.048621
71.269654
67.121391
134

134

9272.2
147.3472
4.5975443
26.069068
17.542559
0

¥ [«+|CN, Landuse = BIdASS
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¥ Moments

Mean

Std Dev
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N
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Sum

Variance
Skewness
Kurtosis

cv

N Missing

72.529104
11.608655
1.0028351
74.512673
70.545536
134

134
9718.9
134.76088
5.1810391
30.50944
16.005513
0

Average basin run-off due to build out scenario

¥ [« CN, Landuse = LID-BIdASS
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For specific culvert basins

Build-out with LID

reduced the marginal cost of
upgrading by as much as 25%

Impact of LID on total upgrade cost

Buildout LID A%
Recent ("71-'00) 1,311,067 1,303,531 0.6%
Heavy 1,327,136 1,293,605 2.6%
Heavier 1,412,750 1,382,501 2.2%
Very Heavy 1,655,115 1,573,679 5.2%
Number of undersized components

Buildout LID A%
Recent ('71-'00) 19 16 19%
Heavy 19 17 12%
Heavier 28 24 17%
Very Heavy 41 39 5%




Minnehaha Creek Watershed

Victoria Study Site

0 2,650 5,300 10,600






Design Percentage Return Period
Rainfall Amounts | Chance of Annual | (year storm)
(inches) Rainfall
2.90 100% 1
2.80 40% 2.9
3.60 20% 5
3.80 13.33% 7.5
4.10 10% 10
4.80 4% 25
5.40 2% 50
5.70 1.33 % 75
6.00 1% 100




Return Period : Current and Future

Return period mid-21st cent. mid-21st cent. mid-21st cent.
(years) Recent climate Optimistic Moderate Pessimistic
2.5 2.5 2.84 3.3 6.86
5 3.17 3.47 4.11 8.4
7.5 3.57 3.88 4.66 9.39
[ 10 3.86 4.19 9% 51 32% 10.13] 162%
25 4.84 5.28 6.74 12.75
50 5.67 6.22 8.31 15.03
75 6.2 6.82 9.39 16.5

100 6.59 7.27 10.23 17.59



Undersized

Adequate

; 3.18-in Storm
'l Pipe Capacity

T L : P TR

.rao:..a \.__ gn 4_.




Existing Pipe System Adequacy,
Pipe and Street Storage Capacity
3.93 In

No surcharge

Surcharged, No surface flooding L0

I surcharged, Streets contain surface flooding
I surcharged, Over-curb flooding




Pipe Adequacy and Surface Flooding
" Nosurcharge

Surcharged, No surface flooding
B surcharged, Streets contain surface flooding
B surcharged, Over-curb flooding




% Of Undersized Pipes ...with Increasing Rainfall

Hiawatha :

45%
40%
$ 35%
& 30%
o)
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‘'»
5 20%
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Hiawatha :
System Flood Volumes

Flood Volume (MG)
Precip. Scenario
(in) Total Street Storage Over-curb
3.93 2.46 1.61 0.86
4.15 2.92 1.80 1.12
4.77 3.95 2.30 1.66
5.66 5.82 3.07 2.75
6.56 10.05 3.70 6.34
8.07 20.02 5.41 14.61
10.1 40.05 5.94 34.11




Hiawatha :
(Preliminary) Cost Estimates for
Up-sizing Pipes

Precip pipe

depth Qp replacement low high
(inches) ( cfs/ac) (feet) cost cost

4.15 2.04 3439 $ 3,994,155 $ 9,083,822
4.77 2.44 5740 $ 6,666,603 $ 15,161,715
5.66 3.02 12272 $ 14,253,058 $ 32,415,430
6.56 3.63 20405 $ 23,698,961 $ 53,898,048



EX|st|ng System
S 6.5610n

6.56 in

240,600 cu. ft

No surcharge

Surcharged, No surface ﬂondig ,
Surcharged, Streets contain surface flooding *

' Surcharged, Over-curb flooding
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Hiawatha :
Dry Basin Cost Estimates for
Post-Piping Upgrade Volumes
(preliminary)

Excess
Vol.

Flooding w/ pipe

Precipitation Volumes upsizing Excess Vol. low high

(inches) (Mgal) (Mgal) acre-feet costs costs
6.56 10.05 4.24 13 $124,562 $177,946
8.07 20.02 9.97 31 $293,243 $418,919

10.10 40.05 20.03 61 $589,076 $841,537



The largest box culvert sections are 18 feet wide by 10 feet high



37t Avenue Greenway Flood Project Built 2011

b B0 TITY RTGHT-OF-WAHA'

EXISTING TREE

EXISTING TREE -
TO BE REMOVED TO REMAIN \ P i
AL 1 ]

EXISTING WALK - = - i ——— -

== EXISTING WALK
TO BE REPLACED n= / TO BE REMOVED

PROPOSED
PATHWAY

PROPOSED
RETAINING WALL

PROPOSED
RAINWATER
GARDEMN

PROPOSED
RAINWATER
GARDEMN

PROPOSED UNDERGROUND
STORMWATER STORAGE

Typical Section



Hiawatha :

Underground Storage Cost Estimates for
Post-Piping Upgrade Volumes
(preliminary)

Excess Vol.
Flooding w/ pipe Estimated # of projects
Precipitation  Volumes upsizing Excess Vol. Underground Basin | comparable
(Mgal) (Mgal) acre-feet Costs to 37th ave
6.56 10.1 4.2 13.0 $ 9,833,167 4
8.07 20.0 10.0 30.6 $ 23,149,155 9
10.1 40.1 20.0 61.5 $ 46,502,636 18




10.1” Rainfall Street Flooding Potential (red)

6 inch height 12 inch height




Nested Stakeholder Map

REGIONAL
Select Boards Commirces (NE
Plapwinr Board: Univerdoes)
Corzerraoos Commirsion:
|I[ U5 Geolemical Survey
Lale Swmapee Protecove
Arcaciation
Upper Valley Resiomal
N Plasmins Azency

N
NH
Deept. of Trassporcaton
Deept. Erirenmental Serices
Deept. of Frch and Crame

KH
Amsoepes of Nameral Fesource Soeets
Corporace Wedasd: Rezooracos Parmerdap
Lakez A=ooismom

STATE




Nested Adaptive Management
Approach

Multi-town Task force



Local Government and Infrastructure

Barriers

Insufficient
research and lack
of quantitative info
for Select Board,
lack of planning
and financing long-
term projects

Potential
Approaches

Specific assessments and
database of all culverts,
use UNH research, town
specific problems
brought to Select Boards,
culvert inventory and
mapping into long-term
planning and investment

Solution
Strategies

Lack of funding
and budget
limitations,
difficult to
create change

Only replacing
(culverts), lack
of right-of-way

Problems Consequences
Undersized Wash-outs,
culverts erosion,

heaving roads
Water impacts —
Aging and wastewater treatment
systems, water bodies
outdated
from untreated water,
infrastructure water supplies, surface
and ground water.
Vector problems
Vehicles being
Not enough damaged, pot
holes/frost heaves,
base under )
maintenance costs
roads (gravel roads)
misdirection of water
Lack of Wash-outs,
property

drainage in
some places

damage, high
frequency of

flooding

General public's
perception (or
lack) of what
needs to be done,
private property
flow and
discharge rates

Multiple
administration

s, state/federal - transportation

[local limit
change

Municipal employee
education, update
rain intensity maps,
require private
investment in public
infrastructure

- establish

Generate updated
specific info for
culvert capacities,

guidelines for
general use

Action
Plans

Use major rain events
as educational
opportunities, at public
events show pics of
specific problems, get
school kids involved,
have speakers go to
standing groups, grant
to pay for materials,
educate

Development

impact fees,
develop
improvement plan
for stormwater

Local Government and Infrastructure Task Force Meeting. 4/21/10. 6:30 — 8:15. Lake Sunapee Protection Association Offices




The need to Adapt

Adaptation Responses:

*Protect what makes us
resilient

Protect from impact

g -‘Accommodate Impact

Y

N2 - Retreat from Impact

)\@\\////// Do nothing
M

Kargo—

“Drive, George, drive! This one’s got a coat
hanger!”




e Cost: » - - i d Crossing
Pro-action < Reaction Upgrade
$ 56 OOO

Tt | WS

* |naction & Action:
both have consequences

Engineer’s Estimate to
Repair Road

$ 93,000
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